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[57] ABSTRACT

A process for forming an alloy vehicle wheel from a
plate of a cast or forged alloy material including the
steps of roll-forming a perimeter portion of the plate to
draw material in the perimeter portion radially out-
wardly therefrom and reduce the transverse dimension
of the perimeter portion, bifurcating the roll-formed
perimeter portion of the plate into a pair of opposed
flared end portions, and spin forming the flared end
portions to define the outer and inner rim portions of
the wheel and the outer and inner rim flanges thereof.

14 Claims, 4 Drawing Sheets
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PROCESS FOR MANUFACTURING ALLOY .
WHEELS FOR VEHICLE TIRES

BACKGROUND

The present invention relates to a method of manu-
facturing one and two piece alloy wheels for vehicle
tires. Alloy vehicle wheels and in particular aluminum
alloy wheels are quite popular due to their aesthetic
appearance and light weight. Because aluminum alloys

. are not readily susceptible to welding due to the delete-
rious effect of the welding process on the strength of the

metal, it has been standard practice to manufacture
separately the disc or wheel center and the inner and
outer rims and subsequently to assemble the component
parts by a suitable fastening means such as a plurality of
threaded bolts. Such wheels are commonly referred to
as three-piece wheels.

Three-piece wheels generally comprise superimposed
radially directed flanges extending from the inner and
outer rims which are secured to a peripheral mounting
on the wheel center by the fastening means. The advan-
tage of a three-piece wheel is economy of repair. If one
of the parts of the wheel is damaged, that part can be
replaced without having to replace the entire wheel.
However, inadequate strength and leakage are prob-
lems inherent in such structures. Inadequate strength
results from the mechanical assembly and the tolerances
required in the manufacture of such wheels which gen-
erally result in an imperfect alignment, adversely affect-
ing wheel strength.

In addition to the obvious safety problems, inade-
quate strength has prevented such wheels from employ-
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ing a desirable positive wheel offset which is highly -

advantageous, particularly for front drive vehicles, as it
provides greater area for larger breaking drums for
improved breaking performance while complying with
existing wheel placement regulations. In an effect to
solve these problems, numerous different three-piece
wheel configurations have been developed. For exam-
ple, U.S. Pat. No. 4,466,670 teaches a configuration
which provides improved strength characteristics over
previously developed three-piece wheels and employs a
silicon seal to prevent leakage. U.S. Pat. No. 4,770,220
employs a rim design which provides sufficient strength
to maximize the positive wheel offset. Nevertheless,
regardless of the design, the necessity to manufacture
and subsequently securement together the inner and
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provide a superior light weight product and true align-
ment, but which would further reduce the cost of manu-
facturing. The method of manufacture disclosed herein
provides such a wheel.

SUMMARY OF THE INVENTION

Briefly, the present invention comprises the steps of
roll-forming a perimeter portion of a circular cast or
forged alloy plate to draw the perimeter portion of the
plate radially outwardly, thinning and strengthening the
perimeter portion; radially bifurcating the perimeter
portion of the plate to define a pair of opposed flared
annular end portions; spin forming one of said end por-
tions to define a outer rim portion and an outer rim
flange; and spin forming the other of said end portions
to define an inner rim portion and an inner rim flange;
and forming the desired apertures in the wheel center to
create the axle bore and desired wheel center appear-
ance. |

It 1s the principal object of the present invention to
provide an economic method for manufacturing a pre-
cisely aligned, alloy wheel for vehicle tires.

It is another object of the present invention to pro-
vide a method of manufacturing a precisely aligned,
light weight alloy wheel for vehicle tires which is of
one or two piece construction.

It 1s yet another object of the present invention to
provide a method of manufacturing a precisely aligned,
structurally sound one or two piece alloy wheel for

vehicle tires from a cast alloy plate.

It is a further object of the present invention to pro-
vide a method of manufacturing a precisely aligned
structurally sound one or two piece alloy wheel for
vehicle tires from a forged alloy plate.

It is a still further object of the present invention to
provide a method of manufacturing a structurally sound
single-piece alloy wheel for vehicle tires from a cast or

- forged alloy plate having a thin walled and light weight
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outer rims in three-piece wheel designs necessarily in-

creases the cost of manufacture and does not adequately
address the problem of untrue alignment.

U.S. Pat. No. 4,693,104 provides a solution to the cost
problem inherent in three-ptece wheel construction by
teaching a method of manufacturing a single piece alu-
minum alloy rim for use with conventional alloy wheel
centers which reduces assembly time and the cost of
manufacture while maximizing strength. However, the
method disclosed therein requires the use of high pres-
sure dies capable of exerting about 6,000 tons of pres-
sure to form the wheel. While providing-an excellent
product and reducing the cost of manufacture as com-
pared to three-piece wheels and correcting the problem
of part alignment, the cost of the manufacturing equip-
ment for such a process may be considered high for

some manufacturers and the resultant two-piece wheel 65

still requires an additional assembly step. It would
therefore be highly desirable to develop a method of
manufacturing an alloy wheel which would continue to
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wheel rim.
These and other objects and advantages of the pres-
ent invention will become readily apparent from the

~ following detailed description taken in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a prospective view of an alloy vehicle wheel
constructed in accordance with the present invention.

FI1G. 2 is a prospective view of a cast or forged alloy
plate from which the vehicle wheel is formed. |

FIG. 3 is a schematic representation of the roll-form-
ing of the perimeter portion of the plate.

FIG. 4 is a perspective view of the cast or forged
alloy plate after roll-forming.

FIG. 5§ is a schematic representation of the bifurcat-
ing of the perimeter portion of the roll-formed plate to
define the opposed flared end portions.

FI1G. 6 is a schematic representation of spreading of
the bifurcated flared end portions.

FIG. 7 is a schematic representation of the spin form-
ing of one of the opposed flared end portions to define
a rim portion and a rim flange.

FI1G. 8 is a side view of formed wheel after drilling of
the wheel center.

FIG. 9 1s a fragmentary sectional view of a second
embodiment of the present invention.

FI1G. 10 i1s a schematic representation of the spin
forming of the rolled portion of a cast or forged plate
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ilustrated in FIG. 4 to form the inner rim flange of the
second embodiment of the present invention.

FIG. 11 is a perspective view of the disc from which
outer portion of the wheel of the second embodiment is
formed. |

FIG. 12 is a schematic representation of the spin
forming of a rolled disc member to form the outer rim
flange of the second embodiment of the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The single piece alloy wheel 10 of the present inven-
tion comprises a wheel center 12 and rim 14. Rim 14
defines an inner rim portion 16 terminating in an inner
rim flange 17 and an outer rim portion 18 terminating in
an outer rim flange 20. The wheel center 12 defines an
axle bore 22 for receiving a vehicle axle and generally
includes a plurality of decorative apertures 24 therein
which give the wheel 10 its desired ornamental appear-
ance.

The process for manufacturing alloy wheel 10 is illus-
trated in FIGS. 3-7. As illustrated in FIG. 3, the perim-
eter portion 26 of a cast alloy plate 28 (illustrated in
FIG. 2 and preferably constructed of an aluminum al-
loy) is roll-formed by pressure rollers 30 to draw the
material in the perimeter portion 26 radially outwardly,
reducing the transverse dimension of the perimeter
portion so as to define the plate configuration illustrated
in FIG. 4. By pressure rolling the perimeter portion 26
of the cast plate, that portion is significantly strength-
ened and made more ductile, overcoming the inherent
weakness and brittleness inherent in casting and allow-
ing that portion to be subsequently formed into a struc-
turally sound wheel rim. It should be noted that while
plate 28 is preferably of a cast construction to reduce
the cost of manufacture, the plate 28, if desired, could
alternatively be of a forged construction.

The thinned perimeter portion 26 of the roll-formed

plate is then bifurcated by a suitable knife roller 32 to
form a pair of annular end portions 34 and 35. The knife
roller 32 defines tapered side walls 36 extending out-
wardly from the cutting edge 37 thereof to flare the
bifurcated end portions 34 and 35 outwardly a illus-
trated in FIG. 5. A tapered spreader roller 38 schemati-
cally tllustrated in FIG. 6, can also be employed in
conjunction with the knife roller 32 to spread the bifur-
. cated end portions 34 and 35 of plate 28 further apart to
facilitate the forming of end portions into the wheel rim.
To obtain the desired wheel width and positive wheel
offset, the end portions 34 and 35 are trimmed, as
needed, by a suitable trimming device (schematically
illustrated at 37 in FIG. 7) to a desired length. By posi-
tive wheel offset is meant the distance between the
~outer rim flange and the wheel center less the distance
between the wheel mounting face and the outer rim
flange.

As 1s also illustrated in FIG. 7, the alloy plate 28 with
its flared end portions 34 and 35 is then subjected to a
conventional metal spinning process employing one or
more forming dies 40 and associated moveable rollers 4
to impart the desired curvature to the end portions to
define the wheel rim 14. End portion 38 is thus formed
into the outer rim portion 18 and outer rim flange 20
and end portion 34 is formed into the inner rim portion
16 and inner rim flange 17. The center axle bore 22, lug
bolt apertures 44, and any other desired apertures not
already formed into the wheel center 12 during the
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casting or forging of plate 28 are then drilled axially
therethrough. When plate 28 is originally formed by a
casting process, a wide variety of sizes and shapes of
decorative apertures and/or indentations can readily be
formed in the center portion of the plate 28 during the
casting process to provide the wheel center 12 with its
desired aesthetic appearance. Such apertures and/or
indentations could, of course, also be formed in a forged
plate, albeit at greater cost.

The aforesaid process allows for the use of the casting
process in the formation of the circular plate 28 and thus
retains all of the economic advantages and versatility of
the casting process, while providing a structurally
sound, integrally formed, thin and light wheel rim not
otherwise obtainable through conventional casting pro-
cedures.

FIGS. 9-12 illustrate a second embodiment of the
present invention wherein the above described process
is utilized to form a two-piece wheel 100 which retains
the benefits of the above described single piece wheel
10. Wheel 100 is comprised of an inner wheel portion
102 and outer wheel portion 104 joined together by a
plurality of bolts 106 and nuts 108. Inner wheel portion
102 defines the inner rim flange 110, spanning rim por-
tion 112 and wheel center 113. Quter wheel rim portion
104 defines an annular radial flange 114 and outer rim
flange 116.

Inner portion 102 of wheel 100 is formed from a
circular cast or forged alloy plate 118 as wheel 10 of the
prior embodiment. The perimeter portion 120 of plate
118 is first roll formed as plate 28 in FIGS. 3 to provide
a configuration like that illustrated in FIG. 4. Unlike in
the prior embodiment, the rolled perimeter portion 120
of plate 118 is not bifurcated as only a single rim flange
1s to be formed from the plate. Accordingly, perimeter
portion 120 is subjected to a spinning and trimming
process, illustrated in FIG. 10, to form the rolled perim-
eter portion into the desired configuration of inner rim
flange 110 and rim spanning portion 112, while the
remainder of inner portion 102 defines the wheel center
113. The trimming device 122 severs any excess mate-
rial from the inner rim flange 110 and the inner thick-
ness of the rim spanning portion 112 and inner rim
flange is determined by the pressure exerted by forming
dies 40 in the roll forming step.

The outer portion 104 of wheel is similarly formed,
but from an annular cast or forged disc 130 defining an
enlarged circular opening 132 therein (see FIG. 11) as
opposed to the solid plate 118 to draw the material in
the perimeter portion 134 radially outward, reducing its
tranverse dimension, strengthening and rendering the
rolled portion more ductile. The roll formed perimeter
portion is then subjected to a spinning process, illus-
trated in FIG. 12, to form the outer rim flange 116,
while the remaining unrolled portion of disc 130 defines
an annular radial flange 114. Aligned Apertures 136 are
then drilled through the inner and outer portions 102
and 104 of wheel 100 adjacent the perimeter portion of
the wheel center 113 and through radial flange 114
respectively. The formed portions 102 and 104 are then
secured together by bolts 106 and nuts 108 to form the
two piece wheel 100. It is to be understood that the
wheel center 113 could also be formed as part of the
outer wheel portion 104 as opposed to being part of the
iner wheel portion 102. In such case, the outer wheel
portion would be formed from a circular plate and the
inner wheel portion would be formed from the annular
disc. Further, as in the prior embodiment of the single-
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piece wheel, as the wheel center 113 is formed from a
plate, it could be provided with a wide variety of sizes
and shapes of decorative apertures and/or indentations
which can be readily formed when the plate is of a cast
construction.

Various changes in modifications may be made in
carrying out the present invention without departing
from the spirit and scope thereof. Insofar as these
changes and modifications are within the purview of the

5

appended claims, they are to be considered as part of 10

the present invention.
What is claimed:
1. A process for forming a single-piece vehicle wheel
comprising the steps of:
roll-forming a perimeter portion of a circular plate to
draw material in the perimeter portion radially
outwardly therefrom and reduce the transverse
dimension of said perimeter portion;
bifurcating the roll-formed perimeter portion of the
plate to define a pair of annular end portions;
spreading the annular end portions such that the end
portions flare outwardly in opposed directions; and
bendmg the flared end portions to define outer and
inner rim portions and outer and inner rim flanges.

2. The process of claim 1 including the step of drilling
said plate to define one or more apertures therein.

3. The process of claim 1 including the step of trim-
ming at least one of the flared end portions to provide

said end portions with predetermined lengths to define

the wheel width and amount of positive offset.

4. The process as in claims 1, 2, or 3 wherein the plate
18 formed of a cast alloy material.

5. The process as in claims 1, 2 or 3 wherein the plate
is formed of a forged alloy material.

6. A process for forming a single-piece alloy vehicle
wheel from a circular plate of an alloy material, said
process comprising the steps of:

roll-forming a perimeter portion of the plate to draw

material in the perimeter portion radially out-
wardly therefrom and reduce the transverse di-
mension of said perimeter portion;

bifurcating the roll-formed perimeter portion of the

plate to define a pair of annular end portions;
spreading the annular end portions such that said end
portions flare outwardly in opposed directions;
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trimming at least one of said end portions to provide
said end portions with predetermined lengths; and

spin forming the flared end portions to define outer
and inner rim portions and outer and inner rim
flanges.

7. The process of claim 6 including the step of drilling
said plate to define one or more apertures therein.

8. The process as in claims 6 or 7 wherein the plate 1s
formed of a cast alloy materal.

9. The process as in claim 6 or 7 wherein the plate is
formed of a forged alloy material.

10. A process forming a two-piece vehicle wheel
comprising the steps of:

roll-forming a perimeter portion of a circular plate to

draw material in the perimeter portion radially
outwardly therefrom and reduce the transverse
dimension of said perimeter portion;

bending the roll-formed perimeter portion of the

plate to define a first rim flange and a rim spanning
portion;
roll-forming a perimeter portion of an annular disc to
draw material in the perimeter portion radially
outwardly therefrom and reduce the tranverse
dimenston of said perimeter portion of said disc;

bending the roll formed perimeter portion of the disc
to define a second rim flange; and

securing together said plate and said disc such that

said rim spaning portion extends horizontally be-
tween said first and second rim flanges to define
said wheel.

11. The process of claim 10 including the steps of
drilling said plate and said disc to define a plurality of
apertures therein and wherein the securement step com-
prises aligning the drilled apertures in said plate with
the drilled apertures in said disc, extending bolt mem-
bers through said aligned apertures, and threadably
engaging nuts onto each of said bolt members.

12. The process of claim 10 including the steps of
trimming the rolled perimeter portions of said plate
and/or said disc to predetermined lengths to define the
wheel width and amount of positive offset.

13. The process as in claims 10, 11 or 12 wherein the
plate and disc are formed of a cast alloy matenal.

14. The process as in claims 10, 11, or 12 wherein the

plate and disc are formed of a forged alloy material.
x % %x X X
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